Abstract Adenocarcinomas of the colon and rectum are the most common gastrointestinal malignancy, and lymph node metastases are established as a prognostic factor. Lymphovascular invasion has been recognized as an indication of lymph node metastases. This prompted us to investigate the features of primary tumor that may serve as a risk factor for lymphovascular invasion in colorectal carcinoma. Clinical and pathologic tissue data of colorectal carcinoma treated in our hospital were retrieved from the computer files at Haydarpasa Numune Education and Research Hospital, from June 1998 to December 2010, retrospectively. We excluded all patients who have two-thirds distal rectal carcinoma to rule out neoadjuvant treatment bias. Tissues from the specimens were stained with standard hematoxylin and eosin. Clinical data including age and sex of patient, location and diameter of tumor, perineural invasion, peritumoral lymphocytic infiltration, tumor grade, lymphovascular invasion, Pathologic T level (pT), and lymph node metastasis were recorded. Lymphovascular invasion was present only in 43 patients out of 108. Only pT and lymph node metastases were found to be statistically significant related to lymphovascular invasion (p=0.04 and p<0.001). Perineural invasion, pT, and peritumoral lymphocytic infiltration are the factors with p<0.2 in the univariate analysis that were investigated with multivariate analysis, but no factor was found as an independent prognostic factor for lymphovascular invasion. Lymphovascular invasion is significantly related to lymph node metastases. Only pT is found as a factor that increases the lymphovascular invasion.
Introduction
Adenocarcinomas of the colon and rectum are the most common gastrointestinal malignancy and afflict more than one million individuals worldwide [1] . Lymph node metastases (LNM) of adenocarcinoma of the colon and rectum have been established as an independent prognostic factor [2] . Therefore, the radical resection of the local lymphdraining tissue led to a significant improvement of oncological results by lowering the local recurrence rate [3, 4] . In addition, the histological identification of lymphovascular invasion (LVI) has long been recognized as a potential indication of LNM and prognostic indicator and predictor of patient outcome. Many studies have investigated the presence of LVI in colorectal cancer (CRC) and have determined it to be a strong stage-independent prognostic marker [5] [6] [7] . Patients with LVI usually have a higher chance of disease progression and poorer prognosis [6] [7] [8] .
Because of advances in noninvasive surgical techniques by endoscopy, it has recently become possible to perform resection of many early colon and rectal lesions, particularly those with peduncles, and also colonoscopic polypectomy, transanal endoscopic microsurgery, or per anum excision for low-lying lesions. Knowledge of LVI will be helpful in differentiating the management modality after localized, nonmetastatic disease. There are several studies that report a high incidence of recurrence and LNM after a fullthickness local excision [9, 10] . This prompted us to study the features of the primary tumors that may serve as risk factors for LVI in CRC.
Patients and Methods
Clinical and pathologic tissue data from all consecutive patients with CRC treated in our hospital were retrieved from the computer files from June 2004 to December 2010, retrospectively. We excluded all patients who have two-thirds distal low rectal carcinoma to rule out neoadjuvant treatment bias. Therefore, no patient had received chemoradiation or radiation therapy before surgery. The study consisted of 108 patients with primary CRC who underwent surgical resection. All patients underwent a standard colectomy and regional lymphadenectomy according to tumor location. For proximal one-third rectal cancer, the mesorectum was divided at 5 cm distal to the tumor. Tissues from the specimens were fixed in 10 % buffered formalin, processed, and stained with standard hematoxylin and eosin without the use of any special stains. Hematoxylin and eosin-stained slides of all cases were reviewed to confirm the diagnosis and were evaluated for the presence of LVI. The presence of venous invasion was defined according to the following criteria: tumor cells lining the venous endothelial surface, tumor cell thrombi inside the lumen of the vein, or destruction of the vein wall by tumor cells. The presence of a smooth muscle wall and adjacent arterial structure confirmed the venous nature of the endothelium-lined channels. Lymphatic invasion was defined as the presence of tumor within an endothelium-lined space devoid of mural smooth muscle or elastic fibers, with the closest red blood cell located at least one high-power field from the border of the structure [11] . Clinical data including age and sex of patient, location and diameter of tumor, perineural invasion, peritumoral lymphocytic infiltration, tumor grade, LVI, pT, and LNM were recorded.
Statistical Analysis
Statistical analysis was performed using the chi-squared test and Mann-Whitney U test. Differences were considered to be statistically significant if p<0.05. Logistic regression test was used for multivariate analysis and the factors with p<0.2 in the univariate test that were included in the multivariate analysis. All analyses were performed using the SPSS (version 12.0).
Results
Only 108 patients who matched the inclusion criteria were enrolled in the analysis. The gender distribution, age, location and diameter of tumor, perineural invasion, peritumoral lymphocytic infiltration, tumor grade, pT, and LMN were comparable in the two groups (Table 1) In a univariate analysis, factors associated with LVI were LNM and pT. Perineural invasion, pT, and peritumoral lymphocytic infiltration factors with p<0.2 in the univariate analysis were investigated with multivariate analysis, but no factor was found as an independent prognostic factor for LVI (Table 2) .
Discussion
LNM is the most important factor on prognosis and management of adenocarcinomas of the colon and rectum. The presence of LNM decreases survival and also increases distant metastasis. LNM is one of the factors that help to decide the need for neoadjuvant therapy. Prediction of LNM presence is not always possible before operation, and the factors that predict LNM before the management of CRC will be helpful. Colonoscopy widely provides diagnosis of CRC at an early stage. However, some tumors, although diagnosed in a small size, may already have LNM and even distant metastasis. The incidence of LNM in the submucosal invasive CRC has been reported to be approximately 7-15 %, and the treatment consists of endoscopic polypectomy, local excision for selected patients, or radical resection [12] [13] [14] . Many series in which long-term follow-up was performed have revealed that the local recurrence rate is high although submucosal invasive CRC can be expected to be treated by local excision without adjuvant therapy [9, 10] . Therefore, some characters of primary tumor may determine the biological behavior of the tumor. Identification of the risk factors for LNM is crucial in selecting appropriate therapeutic modalities for submucosal invasive CRC. Various risk factors for LNM have been reported, such as the depth of submucosal invasion (sm3), peritumoral LVI, poorly differentiated cancer, and tumor cell dissociation [13] [14] [15] . Choi et al. demonstrated that LVI was a risk factor for LNM in the univariate analysis [16] . Lim et al. demonstrated that the presence of LVI was an independent unfavorable prognostic factor for the 5-year overall and 5-year disease-free survival of patients with sporadic CRC. The presence of LVI status could be used to identify patients with sporadic primary CRC with aggressive tumors and as a factor that independently indicates an unfavorable prognosis [17] . In our study, it is recognized that 35 patients out of 42 with LNM and 8 patients out of 66 patients without LNM express LVI, and the strong relation between them is highlighted. In addition, vascular invasion, both venous and lymphatic, gives accessible information that may be used to enhance the power of existing staging systems to develop a more accurate prognostic profile. Vascular drainage increases the chance of visceral metastasis; circulating tumor cells have a greater possibility of distal implantation. The perineural invasion, pT, and peritumoral lymphocytic infiltration were the factors with p<0.2 in the univariate analysis on lymphovascular invasion that were analyzed in logistic regression multivariate analysis. No factors are statistically related to lymphovascular invasion; p<0.05 was accepted significant SE standard error LVI could be recognized clearly on hematoxylin and eosin (H&E)-stained slides, despite the fact that some reports indicate that immunohistochemical stains with CD31 and D2-40 may improve the diagnosis [18, 19] . CD31 is a marker of endothelial cells and is also designated as "platelet endothelial cell adhesion molecule-1" (PECAM-1). D2-40 is a relatively new immunohistochemical stain that has been demonstrated to label lymphatic endothelium, but it is not reactive with vascular endothelium [18, 20] . Using D2-40 and CD31, microvessel counts in colorectal carcinoma correlate significantly with the presence of LVI and LNM [21] . On the other hand, usefulness of elastic staining is debated. Sternberg et al. believe that the use of elastic staining increases the probability of identifying vessel involvement by 38.5 % [22] . Another interesting point regarding the report on vascular involvement raised by Sternberg et al. is the inherent chance of missing venous invasion, estimated to be between 10 % and 29.6 %, because the destruction of some veins due to the disease is too advanced to enable proper identification. Finally, a potential source of nonuniformity in reporting vascular invasion is the differentiation by some authors between intra-or extramural spread. Immunohistochemical and elastic staining may affect the LVI, but we used only H&E dye stain.
Despite the fact that preoperative radiation may lead to some histological changes, such as tumor regression or even a complete response, Du et al. found that preoperative radiotherapy alone did not significantly reduce the occurrence of LVI: at the same pathologic stage, the positive rates of LVI in the two groups were not significantly different [23, 24] . Even for patients with tumor downstage, who could be considered sensitive to radiation, the LVI-positive rate was not significantly reduced, which implied that the killing effect of X-rays to cancer cells involved in the vessels may be limited [25] . The effect of neoadjuvant therapy on LVI invasion is out of the concept of this study, and to have a uniform patient group, we excluded the patients who had undergone neoadjuvant therapy. Okabe et al. demonstrated that LNM was significantly more common in the rectum than in the left and right colon and that T1 CRCs had a progressively higher risk of LNM as their location became more distal [26] , including the distal tumors whose neoadjuvant therapy might show the real relationship.
Although we did not have any relation between gender, the site of tumor and differentiation, and LVI, Okabe and Son demonstrated early CRCs with the male gender, location in the left colon, macroscopically depressed lesion, moderate or poor differentiation, depth in sm2 or sm3, and the presence of lymphatic tumor emboli having a higher risk of LNM [26, 27] . In fact, in our study, LVI is only related to the pT of tumor. The high level of the pT increases the presence of LVI. In addition, Nascimbeni et al. also demonstrated that T1 CRC with LVI, sm3 depth of invasion, and location in the lower third of the rectum have a high risk of LMN [13] . Although it was not shown in our study, the site of tumor may increase the LVI. For Huh et al., LVI presence and perineural invasion were independent predictors for LNM [28] . Huh et al. also demonstrated perineural invasion to be significantly associated with the depth of tumor invasion and positive LVI, but our study did not [29] . In our study, the factors present in literatures that increase the LNM were not related to LVI except for pT.
In conclusion, according to our study, LVI is significantly related to LNM as expected. Only pT is found as a factor that increases the LVI. It is crucial to have larger series and uniform patient groups to have more specific results. In addition, immunohistochemical staining and uniform reporting of LVI may show the real relation of the factors on LVI. With new evidences of the effects of neoadjuvant therapy on LVI leading to the inclusion of the distal rectum may increase the chance of showing real factors that affect the LVI.
